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ABSTRACT 

Un  ii  t U iinup  opcmuntt  of  ihv  short'  :tme  rtymrcs  ntnuJcraiion 
of  iht  fihwimi  tmlurv  of  ihf  toast  {imhnhni>  thv  scitmwiu  tspesi.  «(/»(' 
t h xt  Is  tint!  Utia!  tan^t  Htiii  hfs  vkisi  in  a ihniiniu  statf  and  arv 

I oniiniioasfs  « hamtin^  in  rt  sftonsf  u>  littoral prot  t s si  s In  adtlilion  to  thvsf 
it  niftoral  xtiiialions  tht  o fn  ipicnih  t onsuh  itihlf  xariahilits  of  shorclint' 
tsfu  s antl  f»ou  » c fuirtii  tfustii  s m ifh/n  a snuill  rci>nni  In  castt-rn  ( anada. 
lontmvt  nts  planning  ntnsi  tttxrr  nuk\  shinrltncs.  sand  hrat  lu  x tind 
niadds  t oasts  tht  rr  also  is  a widf  raintf  of  littoial  prot  »'u  <7m  ironnu  nts. 
tritm  tht  4 \postd  Atlantu  toast  to  tlw  shcltt  iid  litis  id  lands,  sxhnii  has 
tidal  hinxii  s t>n  thv  onU  r of  H)  to  l^  nivtvrs  Ihn  v vuinifdvs  front  vastvrn 
( aniidti  illastiati  thv  stinahilils  of  shorvlinvs  and  prot  <•>  svs  in  thv  i ontvKt  id 
i Ivaniif*  planninh; 


IM  RODl  (TION 

During’  Ihc  in  vcdrs  mfiv-C  ihc  hrM  larjic  scale  cleanup  pntjiram.  v^hich 
follov^e^J  Lontaniination  *>|  (he  coasJs  ol  iMiglami  and  I rarKe  hv  the  spill  ot 
«.  rudi'  oil  ln»m  the  tanker  torivs  ( ttnson . a large  number  ol  nia|or  spills  have 
iKuirred  throughout  the  world  IX'spiie  the  experience  that  has  been  gamed, 
there  is  c<*nsiderable  numi  lor  improvement  in  contmgenev  planning  Hiis 
discussion  will  l«Kus  im  one  method b\  which  impnnements could  be  maile. 
that  IS,  b\  re^onnals^ance  surveys  of  envmmments  in  areas  when,*  there  is  a 
high  nsk  «d  coastal  oil  spills 

I he  ma|or  lavh»rs  that  determine  the  ellects  ot  a large  spill  on  a ci'ast  an* 
the  volume  ol  oil  m the  spill,  the  tV[H*  ol  oil  involved,  the  clirnatK  and 
ineteiirologicai  conditions  at  the  time  ol  the  spill,  the  characteristics  ol  the 
lill»»ral  energy  environment  i waves  and  tidesi.  and  the  gcsdogical  character 
ol  the  ctnstal  environment  ,Mlhi>ugh  much  is  known  abcml  the  behavior  i»t 
dillereni  ty|K*s  ol  oil  under  dillerent  conditions,  because  »>l  the  number  »d 
variables  involved  the  lirst  three  laclors  are  basically  unpredictable  I he  last 
two  lac  tors  can  be  predc'termined  Inun  held  work  or  ln»m  reconnaissance 
surveys  Ihey  can  be  used  as  the  basis  lor  l»H.al  and  n*gional  contingency 
plans  by  providing  estimates  ol  how  and  where  the  oil  w ill  be  deposited,  the 
persistence  of  the  tul.  the  suitability  ol  cleanup  lechnic|ues  to  a parlicular 
location,  and  the  availability  and  cost  o|  those  technic^iR's 

llrree  examples  ln>m  very  Jitterenl  coastal  envmmments  m eastern 
( anada  will  be*  usc*d  to  illustrate  the  imponance  ot  understanding  the  vana 
hihiy  ol  littoral  pmeesses  andrd  geolirgical  parameters  m planning  cleanup 
programs 

1 Ihe  south  coast  ol  Chedabocto  Hay  is  essc*ntiall>  a nKky  coast  on 
which  then*  are  a lew  pen  ket  beaches  of  pebble  cobble  sediments  In 
this  instance,  contingency  plans  need  only  allow  l<»r  two  types  ot 
shoreline  in  a single  littoral  energy  environment 

2 the  sandy  beaches  of  the  Madgalen  Islands  represent  only  one 
shoa*line  type  but  have  two  distinct  littoral  energy  environments,  so 
that  two  plans  are  necessary  even  though  the  shoreline  type  is  uniform 


in  marked  contrast  to  these  relatively  simple  coastal  env  ironments.  the 
Bay  of  t undy  has  a large  numberol  shoreline  types  and  httiiral  energy 
conditions  that  vary  considerably  The  contingency  plan  tor  that  area 
must  include  specific  cleanup  responses  to  accommodate  each  envt 
nmmenl 
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Figure  1 Location  ot  the  three  areas  of  study  in  eastern  Canada 


C'lu-diiburto  Bay.  south  shore 

The  sttuih  shore  ol  C'hedabucto  Hay  tf-igua*  1 ) is  typical  ot  much  ot  the 
exposed  nnky  sht»a*lines  ot  the  .-Xtlantic  coast  ot  Nova  Scc'lia  The  pn»cess 
envinmnK’ni  is  one  ot  high  wave  energy  conditions  and  a tidal  range  on  the 
t»rder  ot  I ^ meters  Iliis  is  a storm  wave  envmmmeni.*  and  the  physical 
processes  aa*  alatively  uniti»rm  ahmg  this  straight  sect  urn  otcoast.  although 
ihea*  IS  a small  deca*ase  in  energy  levels  to  the  west  as  the  coast  becomes 
mttre  sheltea*d  Inmi  the  Atlantic  The  variability  ol  coastal  envmmments  is 
related  primarily  to  the  two  major  shoaline  types  that  aa*  pa*sent  in  this 
section 

t his  straight  shoreline  is  a lault  line  coast  that  is  characterized  by  low  . 
resistant  chits  and  intertidal  nnk  platlorms  The  unilorm  character  is  inter 
rupied  by  small  bays  that  have  been  tomiedby  wave  cn»sHm  along  secondarv 
laults  Of  other  lines  ot  weakness  The  rvKky  vx»ast  is  largely  devoid  ot 
sediment,  the  imly  deposits  ivcur  within  the  bay  sand  form  p»»cket  beaihesol 
pebble  cobble  material  Very  little  material  is  supplied  to  the  coast,  so  that 
the  rate  ot  sediment  accumulation  is  very  slow  ' 

Ihe  ik’position  and  fate  ol  oil  «m  exposed  n>cky  coasts  is  very  ditleomt 
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fn>in  ih.it  on  the  K* aches  ot  the  small  ha\s  ( )il  co.its  the  sut1ak,e  of  (he  fotks 
aiul  the  iniertulal  ai^.ie  .iiu)  coIIcl  ts  in  supraluiai  roc  k pH<K  if  contamination 
«Kvuis  ilunnji  |K*Motls  ot  hijifi  vsater  levels  (spring  lules  oi  stomisi  The 
trapping:  i‘l  oil  in  the  suptatulal  n»ck  p«xi|s  is  particulafh  imptirlanl  hctause 
oil  is  siiircit  there  until  a’leascil  hv  a suhsequent  hijih  water  level  Kecon 
taminatum  of  aiha^enl  shoa*lines  that  mav  alread>  have  tx*en  cleaned  in.itur 
allv  or  bv  a l lea:  up  operation)  mav  occur  Removal  ol  oil  tnnn  hk  k surlaces 
or  rovk  (HHils  IS  usuallv  u slow  and  difficult  operation  requiring!  manual 
techniques  in  dilteami  terrain  However,  in  this  high  energv  environment, 
natural  self  cleaning  is  rapid  and  usuallv  effective 

f igure  J!  shows  those  sections  of  shoreline  that  were  eoniarn mated  follow 
ing  the  spill  ot  Hunket  ('  oil  tmm  the  (anker  -Imm  in  I‘f7()  I'he  uppc*r 
di.igram  indicates  all  UKatnnis  whc*re  oil  was  observed  in  the  sh»»a*  A»ne 
between  March  .iiul  Jutie  I*f70  I he  lower  diagram  shows  the  actual  distribu 
tion  bv  the  end  ot  lune  f )n  high  energv . ex|'«*sed  mckv  coasts,  wave 

.iction  abrades  and  dispc'rses  the  oil  In  addition  to  this  mechankal  action, 
weathering  pr«*cesses.  such  as  chemical  ovulation  .ind  microbial  attack,  are 
accelerated,  and  the  sh«»a*line  is  cleaned  naiurallv  wnh;n  a lew  months 
Hv  ci'nirast.  virtuallv  all  tvpes  of  oil  defiosited  on  the  [>ockel  beaches 
would  piTineate  the  fvbble  ct'bble  sediments,  making  it  neeessarv  to  re 
move  a sediment  oil  mivtua*  using  a tracked  vehicle  or  a fn^nl  end  loader 
(iraders  could  not  be*  used  on  this  t\|>e  of  beach  \\  one  site  on  this  coast 
I Indian  ( ove.  in  h»v  Hav  i studied  following  the  l/rou  spill,  the  be’ach  was 
contaminated  near  the  high  water  level  U»  depths  up  to  20  c rn  ‘ ’’  Ibe  beach 
was  a'contaminated  »>n  several  iKcasions  bv  oil  released  from  adjacent  rock 
ptHils  during  high  spring  tides 


keim»v  al  of  sediment  from  this  |n»c  ket  beach  led  to  lowering  «>f  the  surface 
bs  as  much  as  two  meters  Hecause  no  sc'diment  was  available  to  naturallv 
replace  what  was  lost,  waves  washed  over  the  bc*ach  crest,  and  within  12 
months  the  beach  crest  had  retreated  K’lween  10  and  20  m Sediment 
rem«*val  must  be*  avoided  in  (his  tvpe  of  environment  unless  the  beach 
material  is  replaced  bv  equal  amounts  ol  similar  sized  sediment  In  the 
example  Irom  Indian  ( ovc.  more  damage  resulted  from  the  removal  of 
sediment  during  cleanup  than  had  iKcurred  origmall)  fnmi  the  contanima 
tion  1‘he  persistence  tme  ol  oil  in  these  small  bays  is  high  because  thev  are 
set  back  from  the  main  trend  of  the  exposed  coast  and.  therefore,  are 
sheltered  fnmi  wave  activity 

( )n  cobble  beaches,  oil  that  is  deposited  on  (he  upper  beach  during  storms 
IS  unaflected  bv  normal  wave  action  Inasmuch  as  the  oil  is  not  subiect  to 
abrasion,  it  will  degrade  verv  slowlv  Subsequent  storm  waves  may  erode 
the  beach  and  ileposit  cobbles  on  the  uppcT  bi‘ach.  thus  burying  the  oil  laser 
tl  igure  The  beach  ma>  appear  clean  on  the  surface,  but  substantial 
amounts  ol  oil  mav  merely  huve  been  covered  d igua'  4i 

Summurv . l-.x  posed  rock  c«»ast  natural  cleaning  is  rapid  except  above  the 
limit  of  wave  act iv its . cleanup  operations  would  require  manual  removal  ot 
oil  from  ptHils  to  prevent  redistribution  Pocket  beaches  sheltered  fnun 
waves,  theadore.  oil  persists  longer  and  natural  cleaning  is  less  effective:  oil 
would  permeate  pebble-cobble  sediments,  if  cleanup  is  neeessarv  it  would 
requia*  removal  of  oil  sediment  la>er  up  to  btf  cm  deep  and  replacement  bv 
material  ol  similar  size,  graders  could  not  be  used,  tracked  vehicle  would  be 
requia'd  tor  mechanical  cleanup 


Figure  2 Distribution  of  oil  residues  on  the  south  shore  of  Chedabucto  Bay.  (A)  a compilation  of  all  locations  where  oil  was  observed 
between  March  and  June  1970;  (B)  oil  residues  in  the  shore  zone  in  June  1970.  from  ground  and  aerial  observations  (adapted  from  Owens 

and  Rashid^) 
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The  Mj^djlcn  l<K.iU*d  in  (hi*  icn(r<ii  (iiilt o|  Si  l.av^roncclf  igua' 

1 1,  cnnsisl  *>f  a scnc>  of  harrier  hi*ache>  that  conned  small  hcilnick  oulcmps 
ff  ijnirc  Hciausc  ihe  iidal  ran^e  is  less  ihan  one  meter,  v^ase  cnergv  is 
Lonccntralcd  in  a narrow  vertical  hand  llte  wave  climate  is  dominated  hv 
locally  generated  wind  waves  Wave  energy  levels  are  higher  on  the  west 
coast  in  all  seasons  owing  to  the  prevailing  onshore  winds  on  that  coast  *The 
characteristic  feature  of  the  west  coast  pnness  environrmmt  is  the  seasonal 


*.’•  *.  4 V r 

Figure  5 The  Magdalen  Islands.  Quebec,  distribution  of  barrier 
beaches  and  directions  of  sediment  transport 


Figure  3 Cobble  beach.  Chedabucto  Bay  this  beach  was  severely 
contaminated  during  the  spring  of  1970  the  photograph,  taken  in  the 
spring  of  1973  show«ithat  the  oil  deposited  above  the  high  water  mark 
had  undergone  little  abrasion  during  the  three-year  period,  but  that  it 
was  being  buned  by  material  thrown  up  onto  the  top  of  Ihe  beach  by 
the  action  of  storm  waves 


MaKdalrn  Kland<> 


variation  in  energy  levels  due  to  the  higher  frequency  of  storms  in  winter 
months  Wave  energy  levels  also  are  higher  in  winter  than  in  summer 
months  on  the  east  coast,  but  the  seasonal  variations  in  wave  height  arc  over 
shadowed  by  Ihe  effects  of  stomi  waves,  which  produce  large,  short-lemi 
variability  throughout  the  year 

Both  coasts  have  long,  straight  sand  beaches,  therefore,  in  terms  of 
shoreline  types  and  sediment  characteristics,  the  west  and  east  facing 
barriers  are  similar  The  differences  that  have  been  reported*  result  from  the 
contrast  in  the  littoral  energy  environments  Theetlectsof  a nia)or  spill  m the 
Mciniiy  »>t  the  Magdalen  Islands  would  be  very  different  on  the  west  than  on 
the  east  coast,  making  it  necessary  to  have  two  response  plans  available  Oil 
would  be  deposited  in  the  same  manner  and  at  the  same  locations  on  the 
beach  in  these  two  environments  Owing  to  the  small  grain  si/e  of  the 
sediments,  the  oil  will  not  penetrate  the  beach  unless  it  is  fresh  cnide  or  a 
very  light  grade  petmleum 

Mechanical  cleanup  with  graders  would  not  K*  easy  on  the  western 
barriers  as  the  beach  is  too  narrow  (20  to  .'0  mi  and  beach  gradients  arc 
frequently  loo  steep,  parficularly  during  winter  months  It  is  likely,  them 
fore,  that  tracked  vehicles,  tnmi-end  loaders,  or  even  manual  techniques 
would  he  necessary  on  (his  coast  (iraders  most  probably  could  be  used  on 
the  wider,  flatter  eastern  barriers 

( >ne  problem  on  the  east  coast  would  occur  it  the  oil  were  deposited  during 
stomi-wave  conditions  The  en»ded  beach  would  recover  very  rapidly  mas 
much  as  accretion  has  been  observed  within  twooi  three  days  following  a 
stomi  I’nless  oil  were  removed  quickly  from  these  east  coast  beaches,  it 
would  be  buned  by  siuid  bars  that  migrate  onto  the  beach  during  the 
p«*st  stomi  recovery  phase  (Figure  6)  Cleanup  would  then  involve  excava 
tion  i»t  the  beach  to  remove  the  oil  (f  igure  7i  The  persistence  time  of  oil  on 
the  two  beaches  would  also  be  very  difleamt  \\ith  higher  wave  energy 
levels  on  the  west  coast,  the  mechanical  and  chemical  breakdown  of  oil  m 
the  littoral  envtnmmenl  would  be  moa*  rapid 

The  most  mqvortani  aspect  of  Ihe  sand  beaches  of  eastern  Canada  and 
many  parts  of  the  east  coast  ot  Ihe  I .S  is  that  the  beaches  are  verv  mobile  as 
a result  ot  stomi  wave  activity  and  (vost  stonn  accretion  The  consi.uit 
iiHuement  ot  sediments  would  lead  to  bunal  ot  oil  in  sohk  l<Katu>ns. 
whereas  in  others  it  wtiuld  hi*  emded  It  cleanup  is  necessarv  it  should, 
therelore.  be  earned  out  as  soon  as  possible  after  Ihe  oil  reaches  the  beach 

Summary.  ()il  would  atleci  N»th  beaches  m a similai  manner,  but 
different  cleanup  techniques  would  be  required  ( )n  the  west  coast,  the  beach 
generallv  is  narrow  and  steep  so  that  graders  could  probably  not  be  used, 
tracked  vehicles  or  manual  techniques  would  bi*  required  Because  of  high 
wave  energy  levels,  dispersal  and  chemical  degradation  would  h.*  relatively 
rapid  On  the  east  coast,  graders  pn*bably  Ci*uld  be  used  It  the  bi*ach  is 
contaminated  dunng  stc'rm  conditions,  oil  a'sidues  would  pmbahiv  Iv 
bulled  within  two  or  iha*e  days  Bivause  wave  energv  levels  are  l«'wer  than 
on  west  coast,  residues  persist  longer 


HW 

C. 


Figure  4 Effects  of  storm-wave  action  on  oil  residues  deposited  on  a 
cobble  beach,  in  (a)  oil  is  deposited  above  the  high  water  mark  (HW). 
(b)  a subsequent  storm  will  erode  the  intertidal  beach  and  waves  will 
push  the  cobbles  onto  the  upper  beach  to  cover  the  oil  deposit,  (c)  a 
second  storm  will  continue  this  process,  gradually  exposing  more  of 
the  buried  oil-sediment  layer 
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Figure  6 Sand  beach  Chedabucto  Bay  the  beach  was  covered  by  a 
thick  deposit  of  oil  on  (he  upper  parts  of  (he  intertidal  /one.  this 
photograph  taken  a month  after  the  oil  had  been  laid  down,  shows 
that  most  of  the  oil  was  buried  by  sand  with  only  the  outer  portion  of  the 
oil-sedimeni  layer  exposed  (see  Figure  7f) 


Ka\  of  Kund> 

IMtinnin^’  ri's{>«>nM  (j<.  lit v ji  the  U»vui  level  I. ikes  into  .k count  v anationv  in 
sht»rvlme  l>  pe^  anil  priKcsvtharai.  lenslKs  Piepaiation  ot  i.onlin^eni.>  plan> 
at  the  rc>tionat  level  involvev  a muih  wiiler  ran^e  of  res(>on\ev  in  onler  to 
invliiite  ail  the  liKal  aN(>evls  in  the  Itav  ol  t uruly . whii.h  ha>  a coavihne  ol 
approxinidtelv  1 .4iNi  km  six  ma|or  coastal  environments  have  tH’cn  iilen 
iihed  if  i^urc  H,  lahle  h hash  ot  the  coastal  envininmenfs  either  has 
ilistinstive  physical  parameters  ijicolo^y  or  geon>orpholoj;y  \ or  (.lisimctive 
poKesses  I waves  or  lulesi  that  distinguish  it  from  the  othei  coasts  ot  l undy 

f'ianning  tor  oil  spill  vlcanup  ot  the  coast  also  requires  a knowledge  ot 
shoreline  types  In  this  a*gion  12  ma|or  ly(H*s  of  shoreline  have  fx’en 
revogni/ed  ( lahle  2i  Oil  deposition  and  |X'rsistem.e  are  dittercnl  in  each 
shoreline  type,  and  eaih  type  could  iki  ur  in  any  ot  the  six  coastal  environ 
menis  although,  for  example  marshes  »xi  ur  primarily  in  the  sheltered  areas 
ot  Mmas  Hasin  ami  rhigneclo  Hay  whea*as  shellead.  resistant  coasts  are 
more  common  in  the  northwestern  shoa  envmmmeni  (particularly  Pas 
Namaqiioikly  Hayi  It  is  not  [vossihle  to  discuss  each  ot  the  coastal  environ 
rncnls  or  the  shoreline  ly  pes.  and  so  two  examples  w ill  he*  consulead  hnctly 
the  Mead  ot  the  Hay  which  has  resistant  c lit  Is.  large  emhay  nients.  and  hay 
heaches.  and  the  Minas  Hasm.  which  is  charav tcri/cd  primarily  hy  inierlidal 
sand  or  mud  de|Nisiis  and  hy  marshes  in  sheltered  areas 

I he  Hmd  of  the  Bay  . this  coastal  environment  i f-ig  has  two  mu|or 
shoreline  types  resistant  rocky  clitls  and  large  cohhic  beaches  in  the  three 
cmhayrrients  Oil  on  nnky  coasts  has  been  discussed  briefly  above  in 
connection  with  the  south  shore  ol  ( hedahucto  Bay  One  ma|or  ditterence  in 
the  Hay  of  Fundy  cnvimnmcnl  is  that  littoral  processes  are  dominated  hy  the 
effects  of  the  tick's  In  the  fkadol  the  Hay  area  the  tidal  range  is  on  (he  order 
of  nine  to  12  m.  so  that  wave  energy  is  dissipated  over  a wide  vertical  range 
Also,  this  IS  a sheltered  wave  cnvironmeni.  and  levels  ot  wave  energy 
initially  are  lower  than  on  the  exposed  Allanlic  coast  Mechanical  abrasion 
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Figure  7 Effects  ot  storm-wave  action  on  oil  residues  deposited  on  a 
sandy  beach  (a)  the  pre-storm  beach,  (b)  oil  is  deposited  onthe  upper 
beach  after  a storm  has  eroded  the  intertidal  beach,  (c)  post-storm 
recovery  commences  and  sand  migrates  back  mto  the  intertidal 
beach,  (d)  and  (e)  the  sand  then  will  cover  the  oil  deposit,  (f)  a later 
storm  will  expose  the  buried  oH-sediment  layer 


ot  intertidal  oil  rcsiducs  is  lhca*ti>rc  much  sli>wer  in  this  area  Most  ot  ihe 
rocky  sections  of  coast  arc  inaccessible,  and  cleanup  would  he  considered 
only  it  large  amounts  ot  oil  wea  trapped  in  rock  pi>i>ls  and  threatened  to 
contaminate  adiaccnt  marshes  or  beaches 

An  ideali/edcmss  section  across  one  o!  the  hay  head  heaches  that  iKCur  in 
each  of  the  three  large  emhayments  shows  a distinct  change  in  scdimeni 
types  between  the  low  water  mark  ami  the  marsh  The  storm  ridge  ot  cobble 
material  gives  way  seaward  to  a very  steep  beach  ol  pebble  cobble  sedi 
ments  I his  is  replaced  in  the  lower  foreshore  by  an  almttsi  flat  mud  deposit 
that  IS  up  to  l.(NN)  m wide  in  places  i Figure  10  and  II)  Oil  would  be 
deposited  mainly  on  the  coarM*  sediments,  whea'  it  would  penetrate  (he 
surface  material  As  the  mud  Hats  aa*  wet  even  when  exposed  at  low  tide,  oil 
on  the  surface  would  be  refloated  by  the  IlivodlKle  Mimever.oil  that  collects 
m dcpressKins  or  [xmicates  the  mud.  ihnnigh  burrow  holes,  etc  . would  bx* 
rapidly  covca*d  by  a mud  veneer  alter  only  one  or  two  tidal  cycles  Once 
buried,  this  i>il  would  persist  bx'cause  ol  lack  ol  mechanical  abrasion  and 
anaenibk  conditions  that  prevent  oxidation  and  micn>bial  degradation 
Amounts  of  oil  on  the  central  and  upper  sections  o!  the  beaches  would 
probably  be  very  large  in  these  three  emhayments  Wind  driven  surface 
currents  arc  pnmanly  fnmi  the  west  southwest  and  are  generated  by  tlic 
prevailing  and  dominant  westerly  winds  along  the  axis  ot  the  bay  The 
embayments  face  the  west  or  southwest  and  am  Kvuniled  by  nnky  head 
lands  .Any  slicks  that  entered  the  three  embayments  would  be  trapped,  and 
the  oil  iiMisi  likely  would  be  dcpi>sited  on  the  bay  head  beaches  These 
bay  head  beaches  would  pmseni  a pn»blem  li>r  a cleanup  pmgram  because’ 
oil  almost  certainly  would  be  trapped  in  n»ck  pi>ols  on  the  nvky  coasts 
adjacent  to  (he  beaches,  and  (he  ptxihlem  of  mxontamination  would  hi*  very 
real  Access  to  these  rocky  headlands  is  dilhcull  and  often  dangerous  owing 
to  the  rapid  speed  with  which  the  tliniding  lule  rises  Kemoval  ot  cimtami 
nated  sediments  from  the  beaches  would  lead  to  an  unstable  condition 
inasmuch  as  the  input  ot  sediment  u>  replace  that  which  would  be  removed 
would  be  very  slow  Kepiacemeni  of  the  malenal  would  be  necessary  to 
avoid  initiating  any  erosion 
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Figure  6 Subdivisions  of  the  Bay  of  Fundy  shoreline  into  six  coastal 
environments 


It  IN  clear  ihat  in  (his  instance  many  factors  must  he  consiikTcd  hetorc  a 
cleanup  operation  could  he  initiated  It  is  also  important  that  each  of  the 
points  discussed  hrielly  ah«>ve  is  prediclahle.  s«»  that  a practicahic  con 
tingency  plan  tor  this  envintnmcnl  can  he  prepamd  in  advance 

Minait  Ba.sin.  The  charactenstics  ot  the  shoreline  ol  the  Minas  Basin  are 
cxtamicly  varied,  ranging  Imm  sandstone  clitts  to  marshes  and  fnmi  wide 
intemdal  sand  flats  to  rock  platforms  Two  ot  the  most  common  comhina 
(ions  of  shoreline  types  are  mud  flats  or  sand  flats  hacked  hy  either  unresis 
(ant  till  cliffs  or  marshes  (Figure  12)  The  tidal  range  is  greater  than  lOm.a 
maximum  of  16  m has  been  recorded  in  places  during  spring  tides  This  large 
tidal  range,  coupled  with  low  coastal  /one  gradients,  gives  a wide  intemdal 
/one  that  is  exposed  at  low  tides  (Figure  H)  \khere  present,  the  interiidal 
deposits  aa*  either  sand  or  mud  and  rest  on  a wave-cut  till  and  or  hedmek 
platform 

The  mud  flats  rarely  am  completely  dry  at  low  tide  and  frequently  have  a 
thin  film  ol  water  on  the  surface  ol  the  sediments  Oil  deposited  on  the 
surface  would  he  refloated  hy  rising  tide  and  carried  elsewhem  As  noted 
aNive.  any  oil  that  is  huned  would  he  protected  fnmi  mechanical,  chemical . 
and  micmhial  degradation  and  will,  therefore,  persist  lor  a long  time  unless 
subsequently  exposed  by  changes  in  bottom  morphology 


Table  I.  Characteristics  (»f  the  coastal  environments  of  the  Bay  of  I'undy 


Subdivision 

( ieological 
character 

Hackshore 

relief 

Beach 

character 

1 etch  and 
w ave  exposure 

Mean  tidal 
ranee 

Sediment 

availabiltty 

1 South  Shore 

resistant 
basalt  dyke 
•Miallels 

low  rocky 
coast  or 
cliffs  up 
to  30  m 

absent  or 
narrow  cobble 
beach  at  high 
w ater  mark,  w ith 
w hie  intertidal 
platlorin 

sheltered 
(50  km) 

6 to  10  111 

very  sparse 

2 Head  of  the 
Hay 

Ml 

rocKs, 
basalts  or 
granites 

cllllrtl 
coast,  up 
to  2110  m 

absent  or  large 
pocket  beaches 
of  peb  cob  on 
beachface  ami 
mud  overlying 
coarse  scdinicnis 
in  intertidal  /one 

exposed 
(50-100  km) 

1 II  in 

sparw*.  but 
lok  ally 
abundant 

1 Minas  Hasin 

sandstone 
and  shales, 
nr  unconsol- 
idated 
glacial 
deposits 

clifts.  up 
to  M)  Ml 

w ide  intertidal 
mud  or  sand 
flats  on  rock 
platform,  peb 
cob  beach  at 
hw  m . marshes 
in  sheltered 
areas 

very 

sheltered 

(<50  kmi 

'll)  in 

abundant 

4 ( hignecio 
Hay 

sandstones 
and  shales 

clifts.  up 
to  20  Ml 

w ide  mterUdal 
mud  flats  on 
rock  platform. 
}H‘b  eob  beai  h 
at  hwin.  ex- 
tensive marshes 
in  sheltered 
areas 

very 

sheltered 
(<50  km) 

>1(1  in 

abundant 

5 North  Shore 

resistant 
rocks,  sed- 
mentary  rocks 
and  inlruxivcs, 
thin  till  cover 

clifts 

iwesi,  5 to 
60  MI.  east. 
> KM)  m) 

absent  or 

coarse* 

graineii 

pocket 

beaches 

sheltered 
f<50  km 

6 to  10  m 

very  sparse* 

6 Northwest 
Shore 

resistant 
rocks,  thin 
till  cover 

low  rocky 
coast  or 
citlls. 

5 to  ,U) in 

abxcni  or 
coarse- 
grained and 
narrow 

outer  coast 
exposed,  rest 
sheltered 
l<50  kim 

6 m 

sparse* 
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Tabic  2.  Shoreline  types  in  the  Bay  of  Tundy 
Kink  i>r  clitl  shorelines 

1 I vposcil.  resistant  coast  with  low  hacksliorc  or  cliffs 

• with  no  beach  or  intcrtuiai  platform 

• with  wave-cut  platform  devoul  of  sediments 

• with  wave-cut  platform  and  beach  at  hiph-water  line 

• w ith  wave-cut  platform  and  intertidal  sedimenls(see  9.  below  » 

2 Sheltered,  resistant  coasts 

3 I sposc'd.  unresistant  cliffs 

4 Sheltered,  unresistant  cliffs 

Shorelines  with  beaches 

5 ( obble  or  mi\ed-sediment  beaches 

• beach  at  base  of  cliff 

• beach  with  overwash 

• beach  with  inlet  and  or  lagoon 

b.  Sand  beaches 


7 Pocket  beashes 

• on  rocky  coasts 

• in  a large  embayinent 

S Beaches  in  sheltered  environments 

III  Shorelines  with  intertidal  sediments 

't  ( oarse  sediments  on  a wave-cut  plallorm 
10  Intertiilal  mud 
I I Intertidal  sand 

IV  Shorelines  w nh  vegetation 
12  Marshes 


*r  »4‘ 


Figure  9 The  Head  of  the  Bay  this  subdivision  is  characterized  by 
three  large  embayments  that  are  exposed  to  the  southwest  each  has 
a large  pebble-cobble  beach  that  is  backed  by  marshes  and  fronted  by 
mud  flats  (Figure  1 1) 


Figure  10  A pocket  beach  on  the  ixirth  shore  of  the  Bay  of  Fundy 
although  this  beach  is  much  smaller  than  those  m the  large  embay 
ments.  it  has  the  same  sequence  of  cobble  ndge-pebble  cobble  inter 
tidal  beach-mud  flats  the  tidal  range  at  this  site  is  7 5 m the  photo 
graph  was  taken  at  tow  tide 
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Figure  1i  Idealized  profile  across  the  mtedida!  zone  on  one  of  the 
large  embayment  beaches  m the  Head  of  the  Bay  subdivision 


Figure  ^2  Idealized  profiles  across  two  of  the  major  shoreline  types 
that  occur  in  the  Minas  Basin  (A)  intertidal  sand  flats  with  a gravel 
beach  at  the  highi^ater  mark  and  an  unresistant  till  cliff.  (B)  intertidal 
mud  flats  that  give  way  to  salt  marshes  above  the  high  water  mark 
(adapted  from  Dairymple  et  ai  ’ Swift  et  al ") 

Oil  depoMtcd  on  dr\  mud  Hals  or  sand  Matv  would  he  subject  to  mcchani 
cal  ahrasNin  and  hurial  I he  sand  deposits  are  in  a state  ot  constant  motion . 
primanlv  in  asMKiation  with  the  stn>n^  tidal  currents,  which  reach  velocities 
up  to  ^ nvsec  ‘ Althou^th  wave  action  is  minimal  inasmuch  as  this  is  a ver> 
sheltered  envininrneni.  the  hij:h  level  of  tidal  energy  generates  rapid  sedi 
im*nt  transport  Sand  grains  are  moved  individually  along  the  surface  and 
mechanical  abrasion  results  Sand  waves  up  to  2 m thick  can  be  lomied  that 
migrate  as  a body  across  the  sand  flats!  F*igurcs  l .fand  14)  The  migration  ot 
these  sand  waves  or  of  mud  deposits  would  lead  to  temporary  burial  ot  oil 
deposited  in  the  intertidal  /one  ('leanup  on  the  mud  Hats  would  be  almost 
»mp«»ssiblr  owing  to  the  great  dilhculty  of  access  tor  walking  across  mud 
Hals  IS  often  very  slow  and  exhausting  The  sand  flats  can  be  traversed  easily 
on  fiMit  but  operations  would  be  complicated  by  the  speed  at  which  (he  ris- 
ing tide  crosses  the  wide  Hals,  which  often  is  faster  than  a person  can  run 

Nkherr  the  intertidal  deposits  have  a pebble-cobble  beach  and  a till  clift  in 
the  upper  foreshore  if  igure  12.  lop),  any  oil  deposited  on  the  beach  would 
only  slowly  he  abraded  NN  ave  energy  levels aa*  low  in  Ihtsenv inmmenl.  and 
the  waves  are  active  on  the  beach  only  for  brief  periods  at  the  HiMid  of  the 
tick  Mechanical  abrasion  however,  may  be  less  important  in  this  envinm 
ment  than  weathering  fhe  small  surface  area  and  low  adsorptive  capacity  of 
pebble  si/ed  material  would  expose  more  oil  to  chemical  oxidation  and  to 
photoc  henm  al  and  rnic  robial  weathering  than  would  he  the  case  on  smaller 
si/ed  sediments 

rhe  till  cliffs  are  composed  largely  of  easily  emdable  unconsolidated 
c lay  s.  sands  and  cobble  the  beac  h acts  as  a buffer  (o  protect  (he  base  of  the 
cliff  fnim  en>sNm.  so  that  removal  of  contaminated  material  from  the  beach 
could  reduce  the  level  of  protection  and  could  initiate  a pernid  of  cliff 
enisMin  If  replacement  of  sediment  is  not  possible,  natural  cleaning  could  be 
hastened  by  pushing  the  contaminated  sediments  down  the  beach  toward  the 
water  line  and  allwing  (he  nsing  tide  to  transport  (he  material  back  up  the 
beach  this  lechmc^ue  would  not  lead  to  complete  irmovai  of  the  oil  but 
would  al  least  speed  up  the  pbKess  of  mechanical  abrasion 


Figure  13  Sand  waves  in  the  intertidal  zone  of  the  Minas  Basm  the 
distance  between  the  crests  of  the  waves  is  approximately  5 m.  and 
the  height  of  the  sand  waves  is  about  1 m the  sand  waves  are 
migrating  from  left  to  right  in  this  photograph 


SAND 


Figure  14  Sand  wave  migrating  across  an  intertidal  oil  deposit  (see 
Photo  13) 


It  the  intertidal  deposits  ua*  backed  by  marshes,  oil  would  be*  def>o\ited  on 
the  marsh  surface  only  during  periods  of  spring  tides  or  high  water  levels  that 
result  fn»m  stonn  surges  The  level  of  the  marsh  is  jIhuc  the  mean  high 
water  mark . and  oil  would  otherwise  be  conlined  to  the  tidal  careks  During 
slack  tides  wind  driven  slicks  would  be  earned  to  the  east  by  the  pa*vailmg 
and  dominant  westerly  winds  They  would  be  earned  toward  the  marshes 
be'eausc  these  iKcur  primarily  at  the  eastern  ends  of  Mmas  Basin  and 
( hignecio  Hay  i f-igum  X)  I nicss  carried  out  ot  the  marsh  aa*as  by  the  ebb 
tides,  the  oil  would  be  trapped  there  In  tenns  of  pa*ventive  measures,  the 
marsh  areas  should  a'ceive  high  priority  inasmuch  ascleanup  is  very  dif  ticult 
in  this  type  of  env  inmment  and  they  aa*  very  sensitive  c'cological  systems  m 
tenns  of  both  fauna  and  Hora 

Summary . The  Hay  of  I undy  inclucWs  a complex  suite  ot  shoaHine  |y|X’s 
within  SIX  major  coastal  envmmments  At  (he  Head  of  the  Hay.  the  large 
embayments  would  act  as  traps  for  wind  or  cuirent  dnven  slicks  nniving 
from  west  to  east  < )n  mud  Hats  in  the  lower  foa'shoa’ . buned  oil  would  not 
be  subjected  to  mechanical,  chemical,  or  micrvibial  ckgradation  Manual 
cleanup  helore  burial  would  be  the  only  effective  technique  foi  oil  removal 
Oil  should  be  removed  Imni  adjacent  nnk  shores  to  prevent  a'oiling  ot 
cleaned  sections  Removal  ol  oiled  sediments  tn»ni  cohhie  pebble  bcMches 
would  requia*  replacement  of  the  material 

In  the  Minas  Basin  aa*a.  sediments  const.tntly  aa*  being  a*dis(nbuied  in 
the  mlrnidal  /one.  so  that  burial  of  oil  is  very  pntbable  No  practical  or 
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otlccinc  to  clean  the  inierlKial  /one  i losui  It  materui  is  reinoveJ 
Imm  the  base  ot  unconsoiidaleil  chits,  it  should  he  replaced  ti>  protect  cliM 
Innn  erosion  Marshes  would  he  hiMter  protected  than  cleaned 


CONCLISIONS 

Man\  aspects  ot  a spill,  such  as  the  t>pc  and  volume  ot  oil.  will  he 
unknown  until  the  event  occurs  Nor  can  the  mcteon»logical  and  iM.eanog 
raphic  conditions  he  predicted  accuralcl)  Other  aspects  ot  spill  hehav  lor  can 
he  studied,  though,  as  part  ot  pa*paring  conlingencv  plans  Prediction  of  the 
movement  ot  oil  using  movlehng  techniques  is  a valuable  uh)|  in  dclining 
prohahlc  areas  where  a slick  would  impact  on  the  coast  * Knowledge  of  the 
shoreline  tvjx*s.  the  heach  sediment  t>pes  and  the  temporal  vanaiions  in 
shoadine  rnorphologv  aa'  critical  elements  in  pa‘di>  ting  or  estimating  the 
distnhution  and  persistence  ot  an  oil  slick  that  a*aches  the  coast  This 
inlonnalion  can  he  obtained  either  tn»m  existing  data  -^uirces  or  from  tield 
studies  and  can  he  related  to  (lotential  spill  situations 

Ik’ach  dvnaniics.  including  spatial  and  temporal  variations  ot  the  heach. 
aa*  relativelv  well  understood,  particularlv  tor  sand  coasts  .-Mthough  the 
exact  forcing  lunctions  and  sediment  pathways  mav  he  open  to  question, 
ht’ach  responses  on  sand  and  pebble  cobble  coasts  can  he  defined  for  given 
environmental  conditions  Muddv  coasts  are  less  well  known  at  present, 
prmianly  he«.ause  ot  the  dithcullies  ot  held  stud)  in  this  type  ot  environ 
rneni  Ilie  coastal  geologist  is  in  a position  to  pmvule  contingency  plans  on 
specific  sections  ot  coast  that  will  he  valuable  in  determining  the  impact  ot 
oil  iHi  the  shore,  and  to  assess  the  eltects  ot  various  cleanup  techniques  m 
tenns  t>t  beach  siabihiv  and  sediment  replenishment  Ilie  latter  point  is  ot 
great  importance  inasmuch  as  application  ot  unsuitable  techniques  may  lead 
to  more  damage  than  would  have  been  caused  by  the  oil  alone  This  is 
particularly  important  in  areas  of  limited  sediment  supply  to  the  heach  and 
where  a hi'ach  acts  as  protection  lor  unconsolidated  backshore  chits 

It  IS  well  known  that  the  ty|X‘  ot  oil  and  the  nature  ot  the  sediments  aa* 
important  in  predicting  such  taclors  as  the  depth  to  which  oil  w ill  penetrate  a 
beach  Many  other  parameters  must  be  consukred  also  in  order  to  estimate 
the  ettects  ot  a spill  on  ditleamt  sections  ot  coast  Longshore  currents,  tidal 
range,  and  levels  of  wave  energy  will  jltect  the  nature  ot  the  contamination 
as  much  as  the  ty  ot  oil  or  the  si/e  ot  the  setliments  I hese  parameters  vary 
considerably  along  shore  even  on  very  short  sections  ot  coast,  thus  making 
the  development  o|  etteciive  lixal  contingency  plans  moa*  ditticult 

The  examples  tmm  eastern  ( anada  illustrate  the  variety  ot  conditions  that 
can  lace  a cleanup  manager  I’he  development  of  IiKal  contingency  plans'" 
requires  not  only  the  organization  ot  prepared  (XTsonnel  with  defined  re 
sponsihihties  hut  als»i  .ui  adequate  knowledge  ol  the  site  conditions  Recon 
naissance  studies  of  high  risk  coasts  can  pnnide  this  information  which  then 
can  he  presented  in  a toniiat  suitable  lor  use  by  field  personnel 
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Planning  for  a cleanup  operation  of  the  shore  zone  requires  consideration  of  the 
physical  nature  of  the  coast  (Including  the  sediment  types),  wave  energy  levels,  and 
tidal  rart,e.  Beaches  exist  in  a dynamic  state  and  are  continuously  changing  in 
response  to  littoral  processes.  In  addition  to  these  temporal  variations,  there  is 
fiequently  considerable  variability  of  shoreline  types  and  process  characteristics 
within  a sl  11  region.  In  eastern  Canada,  contingency  planning  must  cover  rocky 
shorelines,  sand  beaches,  and  muddy  coasts.  There  also  is  a wide  range  of  littoral 
prO(.ess  environments,  from  the  exposed  Atlantic  coast  to  the  sheltered  Bay  of  Fundy, 
whi-ii  has  t'ial  ranges  on  the  order  of  10  to  15  meters.  Three  examples  from 
I ea.jterr  Canada  Illustrate  the  variability  of  shorelii  'S  and  processes  in  the 
j c(?ntexL  cle.-.nup  planning. 
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